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ABSTRACT 

In order to better understand the impact of the bar on the evolution of spiral galaxies, 
we measure the properties of giant Hn regions and the bar in the SB(s)b galaxy 
NGC 5430. We use two complementary data sets, both obtained at the Observatoirc 
du Mont-Mcgantic: a hyperspectral data cube from the imaging Fourier transform 
spectrograph SpIOMM, and high-resolution spectra across the bar from a long-slit 
spectrograph. We flux-calibrate SpIOMM spectra for the first time, and produce Ha 
and [Nn]A6584A intensity maps from which we identify 51 giant Hil regions in the 
spiral arms and bar. We evaluate the type of activity, the oxygen abundance and the 
age of the young populations contained in these giant H II regions and in the bar. 
Thus, we confirm that NGC 5430 does not harbour a strong AGN, and that its Wolf- 
Rayet knot shows a pure H n region nature. We find no variation in abundance or 
age between the bar and spiral arms, nor as a function of galactocentric radius. These 
results are consistent with the hypothesis that a chemical mixing mechanism is at work 
in the galaxy's disc to flatten the oxygen abundance gradient. Using the STARBURST99 
model, we estimate the ages of the young populations, and again find no variations in 
age between the bar and the arms or as a function of radius. Instead, we find evidence 
for two galaxy-wide waves of star formation, about 7.1 Myr and 10.5 Myr ago. While 
the bar in NGC 5430 is an obvious candidate to trigger these two episodes, it is not 
clear how the bar could induce widespread star formation on such a short time-scale. 

Key words: galaxies: individual: NGC 5430 — H II regions — galaxies: abundances 
— galaxies: stellar content — instrumentation: interferometers. 



1 INTRODUCTION 

Observations reveal that two thirds of spiral galaxies are 



barred (de Vaucouleurs 1963 Eskridge et al. 2000 Mari- 



nova & Jogcc 2007). The formation mechanisms and the 
impact of this structure on the disc are not fully under- 
stood. However, some observations and simulations suggest 
that bars are temporary or cyclical features in spiral galaxy 
evolution (Das et al. 2002). This structure would facilitate 



the distribution of chemical elements in the disc and toward 
the centre ( Norman et al.|fl996 van der Laan et al.||2011 | 



Thereby, a bar would tend to flatten or even erase an abun- 



dance gradient in the disc l 


Alloin et al.|1981 


Vila-Costas & 


Edmunds 1992; [Zaritsky et al.|1994||Friedli et al.|1994||Mar- 


tin & Roy|1994||1995||Roy|1996||Roy & Walsh|1997||Dutil & 


Roy||1999 


Firpo et al.||2010l, probably as a consequence of 



the non-circular motions induced by this kind of structure 
van der Kruit fc Freeman|2011 I. Moreover, the presence of 



a bar influences the location of massive star formation in 
the galaxy (Wozniak 2007), but not the star formation rate 
| Kennicutt|1994| ). 

One way to investigate the impact of a bar in a single 
galaxy is to measure the properties of Hil regions in and 
beyond the bar, such as their position in the disc, O/H abun- 
dance and young population age ( Hodge Sz Kennicutt|1983 
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Kennicutt|1983||Zaritsky et al.|1994||Kennicutt|1994[ ). How 

ever, for distant galaxies, individual Hn regions cannot be 
resolved. For these systems, we instead consider the prop- 
erties of giant Hil regions, i.e. the aggregate of several Hil 
regions. 

In this paper, we present a study of the activity, abun- 
dances and young population ages in the arms and bar of 
the spiral galaxy NGC 5430. We use optical spectra obtained 
with the imaging Fourier transform spectrograph SpIOMM 
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Table 1. SpIOMM observations and data cube parameters. 



14h01m00,0s 52.0s 44.0s 00m36.0s 

Right ascension 

Figure 1. Image of NGC 5430 obtained by averaging SpIOMM 
exposures in the r' filter before the Fourier transform is taken. 
The red boxes show the six 10.4" x 4" zones along the bar from 
which long-slit spectra were extracted. 

and a long-slit spectrograph at the Observatoire du Mont- 
Megantic. The SpIOMM imaging capacity provides a spec- 
trum for each pixel across the 12' circular field-of-view, al- 
beit with lower throughput than a long-slit spectrograph. 
These two data sets are therefore complementary, and we 
use the sensitivity of the long-slit spectrograph to corrobo- 
rate the 2D results obtained with SpIOMM. 

NGC 5430 is a SB(s)b galaxy (RA 14 h 00 m 45!6, Dec. 
+59°19 m 42 s , J2000) located at a dis tance of 42±3 Mpc , us- 
ing a redshift of cz=3061±9 kms -1 ( |Fixsen et al.|l996 l and 
H = 73.0 kms" 1 Mpc" 1 . Two regions in the galaxy exhibit 
strong emission as shown in Fig. [T] The brightest region is 
located 22" from the galaxy nucleus (within B2 in Fig, [l 



and is identified as a Wolf-Rayet (WR) knot ( |Keel||1982 
2004[ ) . The second is the central re 



1987 Fernandes et al. 



II), which shows active star formation 



gion (within B4 in Fig. 
in two knots on a nuclear ring ( |Balzano|l983| |Contini et al 



1997| |Cantin||2004| |2010| >. This galaxy has an inclination o f 
50±5° and a position angle of 177±16° ( jEpinat et al.|2008[ ). 
NGC 5430 is one of the first extragalactic sources studied 
with SpIOMM. 

Using the spatial and spectral information from the long- 
slit spectrograph and SpIOMM, we evaluate the type of ac- 
tivity (Hn, LINER, composite, etc 



Baldwin, Phillips & 



Terlevich 1981 Kewley et al. 20061, the abundance (Kew- 
ley fc Dopita||2002[) andT he" young population age (star- 
burst99, iLeitherer et al.||1999b of the NGC 5430 bar and 



giant Hn regions. Then we look at the behavior of these 
parameters as function of galactocentric radius, in the bar 
and in the spiral arms. 

Details about the observations, the data reduction and the 
analysis procedure, including how we evaluate the redden- 
ing and the giant Hn region boundaries, are presented in 
Section 2 of this paper. Our results are found in Section 3 



Date 


2008 May 5 


Seeing 


~1.3" 


Filter 


r' (6480-6820 A) 


Alias order 


16 


OPEpj sampling distance 


5542 nm 


Exposure time per image 


45 s 


Number of images 


253 


Resulting resolution Act 


8.64 cm -1 


Spectral resolution AA^] 


3.62 to 4.01 A 


Pixel scale 


l.l"/pixel 


Total observing time 


3h09m 



a Optical Path Difference (OPD). 

" Relationship between the resulting and spectral resolution: 
Act = AA/A 2 . 

and compared with others found in the literature. Finally, 
Sections 4 and 5 contain a discussion and a summary of our 
conclusions, respectively. 



2 OBSERVATIONS AND DATA REDUCTION 

The two data sets used for our study were obtained with 
the 1.6-meter Ritchey-Chretien, Boiler & Chivens telescope 
at the Observatoire du Mont-Megantic between March 2006 
and May 2008. The sky conditions were good to excellent 
during the three observing runs, with a typical seeing of 
1.3". 



2.1 SpIOMM Observations 

A hyper-spectral cube centered on NGC 5430 was obtained 
with the imaging Fourier transform spectrograph SpIOMM 
on 2008 May 5. The specific parameters of the observations 
and the reduced data cube are presented in Table [I] 

SpIOMM is a modified Michelson interferometer that ob- 
tains morphological, spectroscopic and kinematic informa- 
tion over a 12' circular field-of-view in a single observing 
sequence. During data acquisition, one of the two mirrors 
constituting the instrument moves at regular steps of few 
nanometers. At each step (or relative phase), a new image is 
taken. Together, these images produce a data cube in right 
ascension, declination and relative phase that contains an 
interference pattern, or interferogram, for each pixel of the 
CCD. Fig. [2] is an example of a summed interferogram and 
its associated spectrum for a bright giant H n region. At the 
zero path difference (ZPD), usually located in the centre of 
the interferogram, all wavelengths interfere constructively 
or destructively producing a peak as shown in Fig. [2] b). 
This peak contains the information along the line of sight 
that corresponds to the fast Fourier transform (FFT) of the 
spectrum. Sometimes a pulse can be observed in the inter- 
ferogram, a sign of strong emission lines in the associated 
spectrum. For further information about the instrument and 
the observing procedure see [Charlcbo is et al.| (|2010[> and 
other related public ations |La vignc 2003 Grandmont et al. 
20031 [Roc"hon||2006| |Grandmont||2006| |Bernier et al.||2006| 



Charlebois|2008| |Bernier et al.|2008| |Drissen et al.|2008[ ). 

We used the intermediate-band filter r' (6480-6820 A) to 
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Figure 2. Example of data obtained with SpIOMM. a) Image of NGC 5430, before the FFT. The red box shows the region in which 
the interferograms are summed to produce the pulse in b), which is characteristic for bright giant Hn regions. Additionally, the zero 
path difference (ZPD) peak can be easily identified, c) Ho intensity map of NGC 5430, obtained by integrating the hyperspectral cube 
in frequency after the FFT. The red box shows the same region as in a), d) Spectrum of the boxed region in c), with spectral features 
labelled. 



limit the bandwidth to the [Nil] AA6548,6584, Ha A6563 and 
[S n] A6716 emission lines. Note that because of NGC 5430's 
redshift the second line of the sulfur doublet, [Sn] A6731, 
falls outside of the filter bandpass. Every image in the cube 
was corrected for CCD readout noise, pixel-to-pixel varia- 
tions, sky brightness and cloud cover variations. We also 
excised the cosmic rays and satellite tracks that were at 
least three times greater than the interferogram standard 
deviation. The SpIOMM spectra have not been corrected 
for internal extinction because their bandwidth does not in- 
clude H/3. However, we restrict our analysis using these data 
to the [N n] A6584/Hcv line ratio. These two emission lines 
are close in wavelength in the red portion of the spectrum, 
which is less affected by reddening. Therefore, the impact of 
reddening on this ratio should be minimal. 

Once all interferograms were corrected, we took an FFT to 



convert them into spectra and we then applied a wavelength 
calibration (Grandmont et al. 2003 Grandmont 20061. In 



addition, a flux calibration has been applied for the first 
time to SpIOMM data. For this, we summed all images in 
the frequency domain, and we measured the instrumental 
magnitude of about ten stars throughout the field-of-view. 



Using the relation presented in Fukugita et al. (19961, we 



converted these magnitudes into fluxes and compared them 
to the fluxes measured by the Sloan Digital Sky Survey 
( Adelman-McCarthy et~al]|2008^ That gave us an average 
flux ratio /sloan / fs P iOMM = 6. 2±0. 8 by which we multi- 
plied each spectrum. Finally, each spectrum was corrected 
for Milky W ay extinction, with E(B - V) = 0.015 ( |Schlegel| 
|et al.||T998[ ), and assigned appropriate spatial coordinates 
with the karma task koords ( |Gooch|1995 1996 1 and a Dig- 
ital Sky Survey image. 
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Figure 3. SpIOMM intensity maps of Ha and [No] A6584 emission lines. The colour scale is logarithmic. 



2.1.1 Intensity Maps 

Exploiting the SpIOMM imaging capacity, we obtained the 
Ha and [N n] A6584 emission line intensity maps presented 
in Fig. [3] Each pixel in the map is the sum of the continuum- 
subtracted emission in that spectral line along the line-of- 
sight. 

As shown in Figs, [l] and [2] NGC 5430 has a strong oval- 
shaped bar that we identified as a type B in the Martin & 
|Friedli| {l"997| |l999| ) classification scheme. This means that 
several H 11 regions are visible in the bar and star formation 
is occurring in the galaxy's core. In both intensity maps, 
the emission is strong in the core, on the leading side of 
the bar, in the northern arms and in the south-east knot. 
These observations are consistent with the[D'Halloran ct al. 
( |2005[ > and |Contini et al.| ( |1996[ ) isophotal contour maps. 
The strongest emission in the galaxy is in a region of di- 
ameter ~2" = 0.4kpc corresponding to the WR knot (Keel 
|1982| |1987[ ). In the galaxy centre, the emission is particu- 
larly intense in two regions located 011 each side of the core 



and on a circum-nuclear ring (Contini et al. 1997 Cantin 
|2010p . This central ring is not evident in the SpIOMM data 
due to the limited spatial resolution (~1.3"). Finally, the 
northern arms exhibit stronger emission than the southern 
arms. According to Roz as et al.| ( |1998| , this type of asymme- 
try is widely observed in barred galaxies and related to the 
strength of this structure. Hence, the stronger the bar, the 
less symmetric the star formation in the outer disc. More- 
over, the relative strength of emission lines suggests that the 
brighter parts of the galaxy are affected by thermal processes 
since the Ha emission is stronger than the [N 11] emission. 
However, there is no clear indication of a close companion in 
our data that could explain this perturbation ( |Keel|[l987 1 . 
Additionally, |Prada et aT] ( |2003[ ) consider NGC 5430 as an 
isolated galaxy. 




54.0s 14hQOm50.0s 46.0s 42.0s 

Right ascension 

Figure 4. Giant H II regions identified in SpIOMM intensity maps 
in Fig. [3] Regions in the bar are in blue, and those in the arms are 
in green. The properties of each numbered Hll region are given 
in Table [2] The grey boxes show the locations and sizes of zones 
B1-B6 (see Fig. [I). 

2.1.2 Giant H II Region Identification 



In order to measure the properties of the giant Hll re- 
gions throughout NGC 5430, we use the SpIOMM data to 
identify these regions and to produce a single spectrum for 
each. Using an intensity map summed over both the Ha and 
[N 11] A6584 emission lines and the idl program Hllphot.pro 
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Figure 5. Long-slit spectra across the NGC 5430 bar, summed over the zones shown in Fig. ^ In each panel, the detected spectral 
transitions are labelled, and atmospheric artifacts are indicated by ATM. 



j Thilker et al.|20 00), we detected 99 bright regions. We then 
summed the SpIOMM spectra within the identified regions. 
From them, we selected 51 giant H II regions with a signal-to- 
noise S/N ^ 5 in the Ha line for our analysis. We separated 
this sample into regions located in the bar and those located 
in the arms by visual inspection. Fig.[4]shows a map of these 
51 giant H II regions and Table [2] contains their measured 
properties. 



2.2 Long-slit Spectrograph Observations 

With the Perkin-Elmer long-slit spectrograph at the f/8 fo- 
cus and a 600 lines mm diffraction grating, we took obser- 
vations from 2006 March 26-31 along the NGC 5430 bar that 
have a higher sensitivity than the SpIOMM observations de- 
scribed above. For these 16 exposures of 2700 seconds the 
slit was wide open (width: 4", length: 6') and positioned on 
the galaxy's bar at a position angle of 145°. 



Using iraiQ we summed the data in six 10.4" x 4" zones 
across the bar, shown in Fig. [T] and corrected the resulting 
spectra (3300-8200 A) for CCD readout noise, pixel-to-pixel 
variations and sky brightness. Moreover, they have been cal- 
ibrated in wavelength and flux, respectively with a CuAr 
calibration lamp and the standard star HD 109995, and cor- 
rected for cosmic rays, dust reddening and redshift. The final 
spectra are shown in Fig. [H] and have a resolution of 6.1 A. 

Since the first two Balmer lines are measured by our long- 
slit spectra, we calculated the E(B—V) colour excess ( |Miller| 



& Mathews 1972 Cahn 1976 I for zones Bl to B6. We as- 



sumed an optically thick medium, where all the Lyman line 
photons are scattered to lower energies, as well as an electron 
temperature of 10 000 K ( |Osterbrock fc Ferland|2006[ ). The 
values derived are given in Table |3| and were applied to the 



1 I RAF is distributed by the National Optical Astronomy Observa- 
tory, which is operated by the Association of Universities for Re- 
search in Astronomy (AURA) under cooperative agreement with 
the National Science Foundation. 
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Figure 6. Comparison between summed, continuum-subtracted 
SpIOMM spectrum and long-slit spectrum in zone B2 (see Fig.[l}. 
Note that the faint feature in the SpIOMM spectrum near 6750 A 
is likely an instrumental or processing artifact, rather than real 
signal. 



spectra assuming that Cardelli et al. (1989 1 's law holds for 



NGC 5430. Note that if the H/3 emission is underestimated 
because of underlying absorption, our E(B — V) values will 
be overestimated. This is particularly the case for B3, B5 
and B6 where the redenning is greater. Our uncertainties do 
not take this effect into account. 

The higher extinction in the B3, B5 and B6 zones suggests 
that they contain the oldest populations, since the stars have 
had the time to enrich the interstellar medium with dust. 
The lower colour excess in Bl and B2 implies younger pop- 
ulations therein, supported by the presence of a WR bump 
in the B2 spectrum. 

Note that some giant Hn regions identified in the SpI- 
OMM data overlap with the zones B1-B6: 19 falls within 
B2, 25 and 29 fall within B3, 33 and 36 fall within B4, 44 
falls within B5, and 45 and 47 fall within B6. Even if these 
zones/regions do not have the same size, their overlap allows 
for a rough comparison between the long-slit and SpIOMM 
results, which we discuss in Section 3. 



2.3 SpIOMM Flux Validation 

Since we have carried out the first flux calibration with SpI- 
OMM, we validate the flux scale using the long-slit data. 
Specifically, we sum the SpIOMM spectra in zone B2 (see 
Fig. [I]), and compare the result to the corresponding long- 
slit spectrum. Fig. [6] shows the result: there is very good 
agreement between the normalized SpIOMM and long-slit 
spectra. 



2.4 Measurements and Uncertainties 

Overall, we examine spectra from 51 giant H n regions 
identified in the SpIOMM data cube and six regions along 
the bar probed with a long-slit spectrograph. All measure- 
ments on these spectra were carried out with thelRAF in- 
teractive facility splot. Gaussian fits were performed on 
emission lines observed in the SpIOMM spectra (Ha, 



[Nil] AA6548,6584 and [Sn]A6716) and the long-slit spec- 
tra (Ha and H/3, [OI]A6300, [On]A3727, [O m] AA4959,5007, 
[Nil] AA6548,6584 and [Sn] AA6716,6731). We computed de- 
projected galactocentric radii for each region using the 
galaxy disc geometry determined by |Epinat et al. (2008). 
The measured Ha line fluxes and [N ll]/Ha ratios are shown 
in Table [2] for the 51 giant Hn regions detected with SpI- 
OMM, and in Table [3] for zones B1-B6. The uncertainties 
on our measurements were determined from the continuum 
variation. Note that the emission line fluxes and uncertain- 
ties have not been corrected for underlying absorption. How- 



ever, as found by Cantin (20101, the difference between the 



ages of a young population measured in a spectrum that is 
corrected for the extinction and one that is not is compara- 
ble to the uncertainty on the indicator, such as the Ha, H/3 
or HellA4686 equivalent widths. 



3 RESULTS 

Having measured the emission line fluxes in the 51 SpI- 
OMM and six long-slit spectra, we use their ratios to de- 
termine the properties of the bar and giant H II regions of 
NGC 5430. First, we verify the type of activity (e.g., Hn, 
LINER or composite) in these regions with BPT diagrams 
( jBaldwin et!dTflT98i~| ) . Then we look at the variation of the 
[N ll]A6584/Ha line ratio with radius. For regions that ex- 
hibit an H II region or a composite type of activity, we pur- 
sue our investigation by estimating the abundances with the 



Kewley & Dopita (20021 models. Using these abundances 



to calculate metallicities as well as to constrain the star- 
formation model starburst99 ( jLeitherer et al.|[T999[ ), we 
estimate the ages of the massive star populations. Finally, 
we compare results obtained with SpIOMM and the long-slit 
spectrograph as well as with the literature, and investigate 
the radial dependence of the measured quantities. 



3.1 Type of Activity 

The first step of our line ratio analysis is to evaluate the 
type of activity found in the NGC 5430 bar and to con- 
firm that the 51 detections identified by Hllphot.pro are 
contained within the H II and composite areas of Figure |8| 
For this we used the BPT diagnostic diagram ([Baldwin 



et al. 



tios: 



1981| |Kewley et aL"1|2006[ ) with the following line ra- 



0111^5007/^0, [Nn]A6584/Ha, [S n]A6717,6731/Ha, 
[OI]A6300/Ha and [O m] A5007/[O n]A3727. All of the req- 
uisite line strengths are available from the long-slit data for 
Bl, B2, B3, B4, B6 (and the [O ill] A5007 line is weak in B5), 
but only [Nil] /Ha is accessible in the SpIOMM spectra. 

Fig. [7] shows the BPT diagrams for the zones Bl, B2, 
B3, B4 and B6 across the NGC 5430 bar. The values from 
the sum of the spectra across the bar are represented by an 
X. Fig. [7] demonstrates two points. First, the central region 
of NGC 5430 (B4) does not contain a strong AGN, which 



concurs with the conclusions of Cantin (20101. Second, B2 



(WR knot) and Bl (southeast bar end next to the WR knot) 
show a H II type of activity, whereas B3 (between the galaxy 
centre and the WR knot) and B6 (northwest bar end) are 
closer to the composite region of the diagram. This second 
result can be explained by non-thermal phenomena, such as 
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Figure 7. BPT diagram for zones B1-B6, excluding B5, across 
the bar. The X shows the ratios obtained for the sum of the 
emission in B1-B6. Error bars that are smaller than the symbol 
size are not plotted. 



compression and shocks, generated by the bar flow (Martin 



Roy|1994 i 
Fig.|8|shov 



1 shows the range of the [Nil] /Ha ratio for 34 of the 
51 giant Hll regions identified in the SpIOMM data with 
S/N ^ 5 in both emission lines. The zones B1-B6 (B5 is rep- 
resented by a vertical red line) are also shown on this BPT 
diagram. All the zones/regions are located close to the com- 
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Figure 8. Type of activity in the regions and zones. All regions 
with [Nll]/Ha measurements fall within the blue-green area and 
80% of them in the yellow area. Zone B5 is denoted by the vertical 
red line, and the other bar zones are shown as symbols. Error bars 
that are smaller than the symbol size are not plotted. 



for the central region. However, these results do not match 
our previous ones (Fig. [7} for Bl, B2 and the whole bar 
(X). The [Nil] /Ha line ratios presented in Tables [5] and [3] 
are higher than expected, particularly for the giant Hn re- 
gions that are not located in the bar and are therefore less 
likely to be affected by nuclear non-thermal process. Bl and 
B2 do nonetheless fall into the H II region regime of the dia- 
gram, consistent with our long-slit results. In addition, if we 
assume that log[0 m]/H/3 < 0.5, most of the regions exhibit 
a H II region type of activity and some possibly a composite 
one, such as regions 12, 22, 24, 31, 40 and 43. The non- 
zero radii of the regions with a composite type of activity 
suggest that they are not contaminated by a weak central 
AGN, but more likely by other non-thermal processes. Thus 
we can proceed with our analysis for the bar and the giant 



H II regions using the Kewley & Dopita ( 2002 1 models 



posite lower limit and concur with the Cantin (2010) results 



3.2 [Nll]A6584/Ha line ratio 

As previously mentioned, only the [N ll]/Ha ratio is available 
for both the SpIOMM and long-slit spectra because of the 
restricted r' filter bandwidth used with SpIOMM; the ratios 
for each zone/region are given in Tables [5] and [3] 

Fig. [9] a) and b) show the value of this ratio 
for regions with S/NJS5 in both lines, on the sky 
and as a function of galactocentric radius respectively. 
The logarithmic values range from — 0.60±0.02 (re- 
gion 7) < log([Nll]A6584/Ha) < -0.06±0.01 (region 31) with 
no discernible trend with radius either in the bar or the 
arms. The lack of radial variation in the [N 11] /Ha line ratio, 
assuming a similar ionization source for all Hll regions, sup- 
ports the hypothesis that a chemical mixing mechanism is at 
work in the galaxy disc. We discuss this further in Section 5. 

We also compared the long-slit and SpIOMM results in 
cases where the Hllphot.pro detections overlapped with the 
zones B1-B6 (see Section [2.1.2[ ). Note that the long-slit zones 
are at least two times larger than the SpIOMM regions. We 



8 E. Brieve et al. 



Log([NII]X6584/H«) 

12 24 40j. 
39 

;37 




54.0s 14h00m50.0s 46.0s 42.0s 

Right ascension 



54.0 s 14h00m50.0s 46.0s 42. Qs 

Right ascension 



54.0s 14h00m50.0s 46.0s 42.0s 

Right ascension 




9.00 



8.95 



8.90 



8.85 



8.80 



8.75 



8.70 




11 



10 



0.0 

o.or 



-0.1 
-0.2 



Radius [kpcl 
2.3 4.5 6.8 9.0 11.3 13.5 



a 
X 



-0.3 r 



it 



z 

1i -0.4 

3 

-0.5 

-0.6 
-0.7 



'i i 1 



! i i ■ 



b) 



♦ * 



■ i i ■ 



10 20 30 40 

Radius [arcsec] 



50 60 



0.0 



2.3 



Radius [kpc] 
4.5 6.8 9.0 11.3 13.5 



33 



9.1 

9.0 
8.9 



+ B.8 
8.7 
8.6 
8.5 1 



'i i i i i ' 



10 20 30 40 

Radius [arcsec] 

Radius [kpc] 
4.5 6.8 9.0 



50 




60 



13.5 



20 30 40 

Radius [arcsec] 



60 



Figure 9. Line ratios (top), abundances (middle) and ages (bottom) of giant Hn regions detected with SpIOMM as well as zones B1-B6. 
The results are presented in the left column as maps and in the right one as a function of galactocentric radius. In the left column, the 
colour scale is shown to the right of each panel and the grey boxes show the locations and sizes of zones B1-B6. In the right column, the 
giant Hn regions in the bar are shown in blue, those in the arms in green whereas the zones B1-B6 are shown in red. The error bars that 
are smaller than the symbol size are not plotted. In d), the dashed and dotted horizontal lines show respectively the measured average 
oxygen abundance in NGC 5430 and the solar value (Asplund ct al. 2009). 
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Table 2. Giant Hll regions in NGC5430. The number in parentheses denotes the uncertainty in the last digit of the tabulated value. 



No. 


Position (J2000) 


Size 




Ha line 




log([Nn]/Ha) 


12+log(0/H) 


Z 


Age 














w A [A] 










,5 


[pixels] 


[kpc 2 ] 


r in -16 =rga ] 


S/N 






I 2 ©] 


[Myr] 


[11 
L j 


Til 

[2] 




[41 


[51 


[6] 


n 


[81 


[91 


[101 


[111 


[121 


I 


14h00m49.9 


59dl9m51 


7 


1.74 


5.1(2) 


6 


7.82 








11.0(1.3 


2 


14h00m49.9 


59dl9m53 


7 


1.74 


12.3(2) 


14 


20.42 


—0.34(1) 






7.2(2 


3 


14h00m49.7 


59dl9m34 


g 


1.49 


6.3(2) 


5 


14.32 








8.0(6 


1 


14h00m49.5 


59dl9m44 




1.49 


6.93(8) 


5 


13.48 








9.2(1.8 


5 


14h00m49.5 


59d20m08 


10 


2.48 


5.16(5) 


8 


6.29 








11.2(1.3 


6 


14h00m49.4 


59dl9m27 


8 


1.98 


5.9(2) 


7 


9.41 








10.7(1.5 


7 


14h00m49.3 


59dl9m32 


11 


2.73 


25.7(3) 


21 


22.49 


—0 HCl(2\ 


8.7(2) 


1.2(2) 


7.2(2 


$ 


14h00m48.7 


59dl9m47 


g 


1.98 


7.0(2) 


6 


9.85 








10.4(1.3 


9 


14h00m48.9 


59dl9m43 


13 


3.22 


14.24(4) 


9 


10.59 








10.2(1.2 


10 


14h00m48.7 


59dl9m24 


12 


2.98 


176.9(3) 


60 


80.74 


— 0.461(4) 


8.8(1) 


1.2(2) 


6.5(2 


11 


14h00m48.6 


59dl9m37 


a 


1.49 


5.6(3) 


5 


8.23 








10.8(1.5 


12 


14h00m48.6 


59d20m28 


17 


4.22 


7.13(5) 


7 


5.62 


— 0.18(2 ) 


8.97(6) 


1.9(1) 


11.4(1.3 


13 


14h00m48.2 


59d20mll 


13 


3.22 


43.4(3) 


17 


37.44 


— 331 


8.9(1) 


1.6(4) 


6.8(2 


14 


14h00m47.9 


59dl9ml5 


(5 


1.49 


6.0(5) 


6 


14.63 








8.0(7 


15 


14h00m47.8 


59d20ml8 


10 


2.48 


15.9(1) 


12 


15.88 


—0.32(1) 


8.9(1) 


1.6(5) 


7.5(3 


16 


14h00m47.7 


59dl9m39 




1.98 


18.9(3) 


9 


16.4 


—0.27(1) 


8.92(6) 


1.67(9) 


7.4(2 


17 


14h00m47.5 


59dl9m22 


7 


1.74 


110.9(4) 


66 


80.01 


— 343('4'l 


8.9(1) 


1.5(4) 


6.5(2 


18 


14h00m47.4 


59d20m23 


g 


1.49 


27.1(2) 


.33 


43.28 


—0.40(1) 


8.8(1) 


1.3(3) 


6.7(2 


19 


14h00m47.5 


59dl9m28 


11 


2.73 


2123.0(6) 


102 


128.83 


— 383( , 5'1 


8.8(1) 


1.4(3) 


5.9(2 


20 


14h00m47.4 


59dl9m03 


11 


3.47 


17.2(2) 


1 1 


16.73 


—0.45(2) 


8.8(1) 


1.2(3) 


7.4(2 


21 


14h00m47.5 


59dl9m55 


15 


3.72 


25.3(4) 


11 


13.01 


—0.35(1) 


8.9(1) 


1.5(4) 


9.4(1.8 


22 


14h00m47.2 


59d20m01 


10 


2.48 


33.6(3) 


25 


27.93 


— 239C8'! 


8.89(5) 


1.6(1) 


6.9(1 


23 


14h00m47.2 


59d20m39 


11 


2.73 


8.1(3) 


7 


11.06 








10.1(1.2 


24 


14h00m47.1 


59d20m30 


10 


2.48 


20.0(6) 


15 


22.4 


—0.24(4) 


8.89(6) 


1.6(2) 


7.2(2 


25 


14h00m47.2 


59dl9m37 


11 


2.73 


22(4) 


7 


6.91 








11.1(1.3 


26 


14h00m47.1 


59d20m07 


10 


2.48 


41.31(4) 


20 


30.18 


—0 50C2'1 


8.7(1) 


1.1(2) 


6.8(1 


27 


14h00m47.0 


59dl8m57 


5 


1.24 


8.39(7) 


16 


22.64 








7.2(2 


28 


14h00m46.8 


59d20ml7 


9 


2.23 


9.4(3) 


8 


9.89 








10.4(1.3 


29 


14h00m46.5 


59dl9m33 


g 


1.49 


80.9(7) 


.35 


35.5 


—0.43(1) 


8.8(1) 


1.2(3) 


6.8(1 


■30 


14h00m46.5 


59d20m08 


fj 


1.49 


30.4(4) 


20 


29.03 


—0.45(2) 


8.8(1) 


1.2(3) 


6.9(1 


.31 


14h00m46.3 


59dl9m24 


11 


2.73 


19.2(2) 


9 


11.72 


—0.06(1) 






10.0(1.3 


.32 


14h00m46.1 


59dl9m57 


7 


1.74 


17(2) 


7 


9.67 








10.5(1.5 


33 


14h00m46.1 


59dl9m47 


7 


1.74 


442(2) 


.36 


43.17 


— 291 f5l 


8.89(6) 


1.6(3) 


6.7(2 


34 


14h00m46.1 


59dl9m36 


g 


1.49 


32.5(4) 


16 


15.39 


— 33C2'! 


8.9(1) 


1.6(5) 


7.9(6 


.35 


14h00m46.0 


59d20mll 


11 


2.73 


96.4(3) 


40 


59.94 


— 386f21 


8.8(1) 


1.4(3) 


6.6(2 


.36 


14h00m46.0 


59dl9m43 


12 


2.98 


1008(4) 


40 


33.43 


— 274( , 2'1 


8.91(6) 


1.7(4) 


6.8(1 


■37 


i4nuum4o.y 


oydzuml t 


7 


1.74 


ZL. i \Z) 


"1 "7 
1 ( 


26.63 


— 267C8') 


8.92(6) 


1.70(8) 


7.0(1 


38 


14h00m45.7 


59dl9m54 


6 


1.49 


19.0(5) 


7 


9.76 








10.4(1.4 


.39 


14h00m45.6 


59d20m23 


10 


2.48 


49.0(3) 


33 


41.47 


-0.333(6) 


8.9(1) 


1.5(4) 


6.8(2 


10 


14h00m45.7 


59d20m30 


7 


1.74 


7.3(3) 


8 


11.25 


-0.13(3) 


8.9(2) 


1.7(4) 


10.1(1.2 


41 


14h00m45.5 


59dl9m30 


5 


1.24 


8.0(2) 


6 


10.18 








10.3(1.2 


42 


14h00m45.6 


59d20m06 


11 


2.73 


58.0(4) 


23 


32.75 


-0.360(9) 


8.9(1) 


1.4(4) 


6.8(1 


43 


14h00m45.4 


59dl9m59 


6 


1.49 


26.0(4) 


11 


15.26 


-0.11(1) 


8.9(2) 


1.6(4) 


7.9(6 


41 


14h00m45.1 


59dl9m56 


7 


1.74 


20.4(2) 


8 


7.36 








11.1(1.3 


45 


14h00m45.0 


59dl9m59 


12 


2.98 


130(1) 


.30 


33.59 


-0.37(1) 


8.8(1) 


1.4(4) 


6.8(1 


46 


14h00m44.7 


59dl9m46 


15 


3.72 


46.4(8) 


19 


15.02 


-0.35(3) 


8.9(1) 


1.5(5) 


7.9(6 


47 


14h00m44.4 


59d20m04 


8 


1.98 


75.6(4) 


31 


35.4 


-0.43(1) 


8.8(1) 


1.2(3) 


6.8(1 


18 


14h00m44.4 


59dl9m54 


18 


4.46 


91.6(8) 


20 


23.48 


-0.28(2) 


8.9(6 ) 


1.6(1) 


7.2(2 


49 


14h00m44.2 


59dl8m55 


9 


2.23 


14.69(5) 


20 


22.06 


-0.438(7) 


8.8(1) 


1.2(3) 


7.2(2 


50 


14h00m43.3 


59dl9m03 


6 


1.49 


9.0(3) 


15 


18.81 


-0.30(4) 


8.93(6) 


1.8(2) 


7.4(2 


51 


14h00m42.5 


59dl9ml6 


8 


1.98 


12.6(2) 


20 


20.39 


-0.25(1) 


8.88(5) 


1.5(1) 


7.3(2 



Note: [1] Region numbers; [2] and [3] Coordinates given by the IDL program Hllphot.pro; [4] and [5] Sizes of the giant H II regions in pixels 
and in kpc 2 ; [6], [7] and [8] Ho emission line fluxes, S/N and equivalent widths W\; [9] log([N Il]/Ha) line ratios; [10] oxygen abundances 
12+log(0/H) estimated with log([N Il]/Ha) ratios; [11] gas metallicities Z estimated with logQN Il]/Hcr) ratios; [12] Ages of the young star 
populations estimated with STARBURST99 using an average gas metallicity of Z = 1.5Zq (Section 3.4 1 and W^[Ha], 
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Table 3. Reddening, metallicity, ionization factor and age of the bar. The number in parentheses denotes the uncertainty in the last digit 
of the tabulated value. 



No. 


Ha flux 




Ha/H/3 


E(B - V) 


Logarithmic line ratios and oxygen abundance estimates 


q 




Age 


(±0.1) [Myr] 






























10- 16 ergs 








[Nil] /[On] 


O/H 


[No] /Ha 


O/H 


R23 


O/H 


[Oiii]/[Oii] 




Ha 


M 


Hen 


[1] 


[2] 




[3] 


[4] 


[5] 


[6] 


[7] 


[8] 


[9] 


[10] 


[11] 


[12] 


[13] 


[14] 


[15] 


Bl 


479(1) 


3.932(4) 


0.278(1) 


-0.449(6) 


8.93(3) 


-0.357(5) 


8.9(1) 


0.64(2) 


8.882(9) 


-0.920(8) 


20.5(2) 


6.5 


6.5 




132 


3979(7) 


3.247(8) 


0.109(1) 


-0.278(6) 


9.01(2) 


-0.395(3) 


8.82(9) 


0.43(1) 


9.032(4) 


-0.792(9) 


32.5(3) 


5.4 


5.0 


1.9 


B3 


982(9) 


6.50(1) 


0.720(8) 


-0.78(2) 


8.76(6) 


-0.19(1) 


8.95(5) 


1.1(1) 




-1.49(3) 


6.8(3) 


11.4 


12.5 




B4 


2540(40) 


4.622(8) 


0.420(3) 


0.04(2) 


9.13(2) 


-0.159(8) 


8.96(3) 


0.32(1) 


9.048(9) 


-1.02(3) 


48.0(6) 


7.1 


7.2 




B5 


1003(8) 


7.92(1) 


0.89(1) 


-0.810(3) 


8.74(5) 


-0.133(4) 


8.99(3) 


1.19(3) 








9.7 


11.4 




B6 


521.5(5) 


6.70(2) 


0.75(1) 


-0.826(7) 


8.73(5) 


-0.275(4) 


8.90(9) 


1.08(2) 




-1.40(2) 


7.8(2) 


11.4 


12.4 




X 


12060(30) 


4.191(4) 


0.334(1) 


-0.320(7) 


8.99(3) 


-0.302(3) 


8.93(7) 


0.57(1) 


8.958(7) 


-0.96(2) 


22.7(3) 


6.9 


6.9 





Note: [1] Region numbers; [2] Ha emission line fluxes; [3] Ha/H/3 line ratios; [4] internal extinctions E(B — V); [5] log([N ll]/[0 11]) line 
ratios; [6] oxygen abundances 12+log(0/H) estimated from log([N n]/[0 11]) ratios; [7] log([N Il]/Ha) line ratios; [8] oxygen abundances 
12+log(0/H) estimated from logQN Il]/Ha) ratios; [9] R23 = ([O o] + [0 m])/H/3 line ratios; [10] oxygen abundances 12+log(0/H) estimated 
from log(R23) ratios; [11] log([0 lll]/[0 n]) line ratios; [12] ionization factors q; [13], [14] and [15] Ages of the young star populations 
estimated with STARBURST99 using log(R23), log([N ll]/[0 11]) or log([N Il]/Ha) ratios in order of preference, and the equivalent widths, 
respectively log(W A [Ha]), log(W A H/3]) and Wa [He o]. 



found log([Nn]/Ha) = -0.395±0.003 for B2 (long-slit) and 
log([Nn]/Ha) = -0.383±0.005 for 19 (SpIOMM), values 
that are consistent at the two sigma level despite the dif- 
ferent sizes of these regions. This is not surprising, because 
the emission in B2 and 19 is likely dominated by the WR 
knot consistent with the results of Fig. [7] However, near 
the galaxy centre, B3 (log([N 11] /Ha) = -0.19±0.01), 
B4 (log([Nn]/Ha) = -0.159±0.008) and B5 
(log([Nll]/Ha) = -0.133±0.004) have higher ra- 
tios than their corresponding giant Hn re- 
gions, i.e. 29 (log([Nll]/Ha) = -0.43±0.01), 
33 (log([Nn]/Ha) = -0.291±0.005) and 36 

(log([Nn]/Ha) = -0.274±0.002) respectively. Since H11 



regions tend to have a lower [Nn]/Ha ratio (Baldwin et al. 
1981) than their surroundings and the long-slit zones are 



not limited to these structures, this discrepancy is also to 
be expected. It is corroborated by an OASIS (Optically 
Adaptive System for Imaging Spectroscopy) map from 



Cantin (20101 of the NGC5430 central region, on a scale 
slightly smaller that of B4. The same phenomenon occurs 
with B6 (log([Nll]/Ha) = -0.275±0.004) and its associated 
SpIOMM regions 45 (log([Nn]/Ha) = -0.37±0.01) and 47 
(log([Nn]/Ha) = -0.43±0.01). 



3.3 Oxygen Abundance, Ionization Factor and 
Metallicity 

With the type of activity in the NGC 5430 bar and giant 
Hn regions established, we estimate oxygen abundances 
12+log(0/H). Since the abundance and ionization factor 
are interdependent, we employ the iterative method pro- 



posed by Kewley & Dopita ( 2002 1 that uses strong op 



tical emission line ratios and offers alternatives if one is 
missing. For our study, in the first step of this technique 
where a rough estimate of the abundance is obtained, we use 
[Nll]A6584/[On]A3727 or [Nll]A6584/Ha in order of prefer- 
ence. As explained in Section [3. 1| the second of these ratios 
is most sensitive to non-thermal process and thus the least 



desirable. Then, with this first abundance estimate and the 
[Om]A5007/[Oll]A3727 ratio (if available), we estimate the 
ionization factor. In the third and last step of this itera- 
tive method, a more precise abundance estimate is obtained 
with the R23 = ([Oii]-|-[Oiii])/H/3 ratio. Finally, if the abun- 
dance estimates obtained from the first and third steps do 
not agree with each other, a new iteration is required. 

It was possible to apply the method to the Bl, B2 and 
B4 spectra. The underlying physics in B3 and B6 are not 
covered by the R23 model, leaving us with rough abundance 
and ionization factor estimates for these two zones. Recall 
that the [O in] A5007 line cannot be measured in B5 or in the 
SpIOMM spectra, so only rough abundance estimates were 
obtained via step 1 described above. Moreover, the model 
does not apply to region 31, because of its elevated [N ll]/Ha 
ratio. Overall, we obtained at least an abundance estimate 
for B1-B6 and for 33 of the 51 giant Hn zones/regions with 
the [Nil] /Ha ratio (S/N^5 in both lines), summarized in 
Tables [2] and [3] Our uncertainties are limited to those of the 
models, except for the abundances estimated from the R23 
ratio, where measurement uncertainties dominate. 

First, we compared the abundances estimated from the 
line ratios available for B1-B6 and the whole bar (X) (see 
Table [3|. For Bl, B2, B3, B6 and the whole bar (X), all 
the calculated values are consistent within each zone at the 
three sigma level while the estimates for B4 and B5, the 
central region of NGC 5430 and that next to it, are not. Ac- 



cording to |Cantin (20101 and in agreement with the results 
of Section |3.1| the central region of NGC 5430 contains a 
weak AGN, and therefore non-thermal processes influence 
the emission line ratios. 

As expected from the intensity maps in Sec- 
tion |2.1.1[ the strongest ionization factors q 
are measured in B4 (g = 48.0±0.6 x 10 6 cm s" 1 ), 
then B2 (q = 32.5±0.3 x 10 6 cms" 1 ), Bl 



(g = 20.5±0.2 xl0 b cms- 



BG (g = 7.8±0.2 xl0 B cms _1 ) 
and B3 (g = 6.8±0.3 xl0 B cms" 1 ). Without a strong enough 
[Om]A5007 line, it is not possible to estimate the ionization 
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factor for B5. However, because R23 for this zone resembles 
that of B3 and B6, we expect a relatively low q in B5 as 
well. With q — 22.7±3 x 10 6 cms -1 , the integrated emission 
of the bar (X) is clearly dominated by that of its brightest 
zones B2 and B4. 

Fig. [9] c) and d) show the abundances estimated from 
[Nil] /Ha line ratios. Here again, there is no noticeable gra- 
dient nor difference between the values measured in the 
arms and bar of NGC 5430. The abundances range from 
8.7±0.1 (region 26) sC 12+log(0/H) sC 8.97±0.06 (region 12). 
The average value 12+log(0/H) = 8.86±0.07 is super-solar 
([12+log(O/H)] = 8.69±0.06, |Asplund et ah] [2009], Con- 



sistent with the [Nll]/Ha ratios (Section 3.2 1 and because 



B1-B6 include more than just the H 11 regions that fall within 
them, the average abundances in the former are three stan- 
dard deviations higher than those in the latter. However, 
an OASIS abundance map of the central region by |Cantm| 
(20l0l) shows higher values (8.92 sC 12+log(Q/H) 9.18) 



than found here, but they also are homogeneous. This dis- 
crepancy can be explained by a difference in methodologies. 

Having abundances in-hand estimated from the [Nil] /Ha 
ratio, we calculated the metallicities of the young star 
populations (2 T [Myr] 14) of each region using the 
Asplund et al.] ([2009 ) constants. We found a range 



from 1.1±0.2 ^ Z [Zq]^ 1.9±0.1, with an average value of 
Z = 1.5±O.2Z . 



3.4 Young Star Population Age 

To estimate the age of the young population, we used the 
Starburst99 star formation model ( |Leitherer et al.|[T999[ ), 
with a standard initial mass function (slope a = 2.5 and cut- 
off M up = 100 Mq) in the case of instantaneous star forma- 
tion. This Web-based software uses 5 different metallicites 
(0.05 Z , 0.2 Zq, 0.4 Zq, 1Z or 2Z ) and the equivalent 
width (Wa) of some emission lines (eg. Ha and H/3) as con- 
straints. Note that we did not subtract the contamination 
from old populations. 

First, we evaluated the age of the bar with our best 
metallicity estimates determined from the R23 or [N 11] /[0 11] 
ratio, and the Ha, H/3 and He 11 A4686 equivalent widths 
when available. Since the equivalent width uncertainties are 
smaller than those of the STARBURST99 model time steps, 
we adopt the latter (0.1 Myr) as our uncertainty estimate 
on the stellar population ages. The results are presented in 
Tables [2] and [3] For the zones with strong emission lines and 
therefore an abundance estimated from the R23 ratio, i.e. 
Bl, B2, B4 and the whole bar (X), the ages found with the 
Ha and H/3 equivalent widths are consistent with each other 
within three sigma. Even if statistically speaking the values 
found for B3, B5 and B6 do not concur, they remain close. 
Similarly, the age found for B2 using He 11 A4686 differs from 
that found using Ha by ~3.5 sigma. 

Second, we observed in Section |3.3| that the metal- 
licity estimated from the [Nil] /Ha ratio for the 
NGC 5430 bar and arms are homogeneous with a 
range 1.1±0.2 ^ Z [Zq] ^ 1.9±0.1 and an average value 
of 1.5±0.2Zq. Because this is a rough estimate due 
to the sensitivity of the [Nil] /Ha ratio to non-thermal 
processes, we decided to evaluate the age of the young 
star populations at 1 Zq and 2 Zq with the Ha equivalent 
widths. We adopt the average of the two results as our age 



estimate at Z = 1.5Zq, and half of their difference as our 
uncertainty on this value. Note that even if only 33 of the 
51 giant Hn regions have a metallicity estimate because 
of S/N or model limitations (see Sections 3.2 and 3.31, 
we assumed that all 51 giant Hn regions have the same 
metallicity of Z = 1.5Zq, and computed ages accordingly. 
For transparency, the detailed results are compiled in 
Tables [2] and H 

Because the young stellar populations are located primar- 
ily in the giant H 11 regions, we find that the age obtained for 
B4 (T = 7.2±0.1 Myr), and the regions 33 (T = 6.7±0.2 Myr) 
and 36 (T = 6.8±0.1 Myr) within B4 agree at the three 
sigma level. These results agree with the |Contini et al.| 
(1997; 6±lMyr) and |Cantin| (2010; 6.2±0.8Myr in the 



two central knots) studies. As expected, the WR knot is 
the youngest region in the galaxy, with an age between 
4.9±0.1Myr (zone B2 from W A [Hen]) and 5.9±0.2Myr (re- 
gion 19 from log(WApHa])). However, if we consider only 
the values estimated from the Ha equivalent with, the lower 
limit is 5.4±0.1 Myr. Contini et al.|199~7] estimated an age be- 
tween 3.4 ^ T [Myr] ^ 6.0 for this structure, which includes 
all our values. We have therefore narrowed the age in- 
tervals previously determined for both the central region 
(6.5 <T [Myr] sC 6.9) and the WR knot (4.8 sCT [Myr] sC 6.1). 

Fig.[9]e) and f) show the measured young population ages 
on the sky and as a function of radius, respectively. If we fo- 
cus on the ages estimated from the Ha equivalent width, the 
values range from 5.4±0.1Myr (zone B2) to 11.4±1.3Myr 
(region 12). However, even taking into account the possi- 
ble variation of the metallicity between 1 Zq and 2 Zq , two 
average ages seem to dominate the young star populations 
without any discernible trend as a function of radius in either 
the bar or the arms of NGC 5430. A first wave of massive 
stars would have been formed in NGC 5430 10.5±0.6 Myr 
ago (for 18 of the 51 giant Hn regions) and a second one 
about 3.4 Myr later, i.e. 7.1±0.5Myr ago (for 33 of the 51 
giant Hn regions). 



4 DISCUSSION 

The emission line intensities, oxygen abundances and stel- 
lar population ages for the giant Hn regions and the bar 
of NGC 5430, acquired with the SpIOMM imaging Fourier 
transform spectrograph and a long-slit spectrograph at the 
Observatoire du Mont-Megantic, are broadly consistent with 



each other as well as with results from the literature (Keel 
19821 [Keei] [19871 |Contini et al.|[l996"l |Contini et al.|[l997[ 



O'Halloran et^[2005 



and |Cantin||2010| see Section 3). 
Using Hllphot.pro with a SpIOMM intensity map summed 
over both Ha and [N 11] , we detected 99 bright regions, of 
which 51 had S/N ^ 5 in the Ha line. Additionally, 13/99 re- 
gions had 3 ^ S/N < 5; an SpIOMM integration three times 
longer than that obtained would thus have improved our 
number statistics by about 25%. 

We estimated the type of activity from BPT diagrams, 
and found that our SpIOMM detections are likely giant H 11 
regions (Section |3.1[). The central region of NGC 5430 ex- 



hibits a composite type of activity, which is consistent with 



the conclusion of Cantin (20101 that this galaxy does not 



harbour a strong AGN. In addition, by comparing the dif- 



ferent BPT diagrams (Sections 3.1 and 3.2 1, we found that 
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the [N ll]/Ha line ratios measured in some regions with 
strong emission were higher than expected. This also been 



observed by Rosales-Ortega et al. ( 2011 I in the spiral galaxy 
NGC628. 

We compute the oxygen abundances and young stellar 
population ages in the giant Hn regions and in the bar of 
NGC5430 (Fig. [9), and find that neither varies 1) between 
the bar and the spiral arms, nor 2) as a function of galacto- 
centric radius. These results suggest the existence of a mix- 
ing mechanism in the disc. An obvious candidate for abun- 
dance mixing is NGC 5430's bar, that is thought to transport 
gas through the disc and mix the chemical elements that it 
contains. The mechanism would lead to a flattening of the 



abundance gradient as observed by Alloin et al. ( 1981 1, Mar- 


tin ( 1992 1, Martin & Roy ( 19941, 


Roy ( 1996 1, Norman et al. 


( 1996 1 and Rosales-Ortega et al. 


(20111 among others (see 


van der Kruit & Freeman|2011 for a review). Thus, the bar 



would have already mixed the disc in NGC 5430. However, 
since NGC 5430 is a SB(s)b, our results are also consistent 



with the observations of Dutil & Roy ( 1999 1 that suggest 



that the abundance gradient in early-type spiral galaxies, 
which for them includes SO to Sb types, is flatter even in the 
absence of a bar. 

The positions of the young star populations in the 



NGC 5430 disc are consistent with the Wozniak (20071 sim- 
ulations. The youngest stars of the bar are located in the 
central region and at the ends, while older stars are found 
near the centre, perpendicular to the bar. Because of their 
short lifetimes, the young star populations in a galaxy are 
least affected by scattering in the disc and tend to stay clos- 
est to their birthplace. If we apply this principle to our ob- 
servations, it means that a first galaxy-wide wave of star 
formation was triggered 10.5±0.6 Myr years ago and a sec- 
ond one 7.1±0.5 Myr ago. 

Both the widespread star formation episodes and the rela- 
tively short interval between them seem hard to explain us- 
ing the dynamics of the bar in NGC 5430. Even if we assume 
that this galaxy harbours a fast bar where corotation occurs 
roughly at the bar edge, it would take material at this radius 
~100 Myr to complete one revolution. Another hypothesis is 
that the waves of star formation were triggered by the inflow 
of gas toward the galaxy centre along the bar. However, the 



regular rotation in the velocity field of NGC 5430 ( Epinat 
et al.|2008 1 implies that the inflow velocities ar e unlikely to 



be larger than ~50kms (Wong et al. 



2004 



Spekkens & 



Sellwood|2007 1 , also too slow to explain the existence of two 



galaxy-wide bursts. Thus while the bar provides a potential 
mixing mechanism in the disc, it is not clear exactly how the 
rapid mixing required by our observations would take place. 

It is also possible the two waves of star formation detected 
in NGC 5430 represent an episode of cyclical star formation 
in the disc. If the star formation is indeed periodic, we would 
expect to see a stellar population with an age of ~3.7 Myr, as 
well as one aged by ~14Myr. The former might be difficult 
to detect in the optical, while the latter would not ionize 
the surrounding medium and produce emission lines; it is 
therefore not inconceivable that they are missed by our data. 
Note that if NGC 5430 contains a young, dust-enshrouded 
star population, then it should be bright in the infrared, as 
is the case ( |Keel|1987||Kim et al.|1995||Veilleux et al.|1995 |. 

Finally, a high-resolution dynamical study of NGC 5430 
could provide valuable information to help understand the 



mechanisms driving the evolution of this galaxy, and partic- 
ularly those that led to the two waves of young star forma- 
tion reported here. 



5 CONCLUSION 

An SpIOMM hyperspectral data cube as well as long- 
slit spectra, both obtained at the Observatoire du Mont- 
Megantic, have been used to study the properties of the bar 
and the giant Hn regions in the spiral galaxy NGC 5430. 
For the first time, SpIOMM data have been successfully cal- 
ibrated in flux and cross-compared with a long-slit spec- 
trum, itself independently calibrated with the spectrum of 
a standard star. At each step of our analysis, we compared 
the results obtained from SpIOMM data to those obtained 
with long-slit spectrograph data. They are broadly consis- 
tent with each other, as well as with results published in the 
literature. 

Exploiting the SpIOMM imaging capacity, we produced 
Ha and [Nll]A6584 intensity maps, from which we identified 
51 giant H n regions, with S/N ^ 5 in Ha, using the idl pro- 
gram Hllphot.pro. One spectrum has been obtained for each 
of these regions. Additionally, spectra for six zones across 
the bar were extracted from the long-slit data. 

Using the emission line fluxes measured in these spectra, 
we evaluated the type of activity, the [Nll]/Ha ratio, the 
oxygen abundance and the age of the young star populations 
(2 < T [Myr] < 14) in every region. With BPT diagrams, we 
confirmed the absence of a strong AGN in the central region 
of NGC 5430 and the pure H II region nature of the Wolf- 
Rayet knot. No discernible variation in the [Nil] /Ha ratio 
or the oxygen abundance was measured between the bar and 
spiral arms in NGC 5430, or as a function of galactocentric 
radius. These results are consistent with the hypothesis that 
a chemical mixing mechanism, possibly the bar, is at work 
in the galaxy disc. 

We find evidence for two distinct young populations of 
stars in NGC 5430, one with an age of 7.1±0.5Myr and the 
second with an age of 10.5±0.6 Myr. As with the line ratios 
and abundances, we find no evidence for a radial gradient in 
either population. The short lifetimes of these populations 
suggest that mixing occurred very rapidly in the disc. While 
the presence of the bar provides a mixing mechanism, it is 
unclear how this dynamical structure mixed the disc on such 
short timescales. 
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